INTRODUCTION
It is recently considered that some chemicals in the environment have the potential to adversely affect endocrine systems of human and wild animals. 1) These chemicals are called endocrine disruptors. Among these chemicals, some of them are reported to show estrogenic effects and are presumed to influence reproductive activity of human and wild animals including fish.
Plasma or hepatic vitellogenin (VTG) in male fish has been used as a specific biomarker for the detection of estrogen exposure .2,3) VTG is a precursor protein of egg yolk in oviparous animals and produced in the liver under a regulation of estrogens in vertebrates.2) Female fish show high plasma levels of VTG during ovarian development whereas plasma VTG levels in males are normally very low or non-detectable. 4) Since VTG production can be elicited in males by administration of exogenous estrogens, VTG in male fish is considered to be a good biomarker for estrogen exposure.
In our previous study (Matsumoto et al., submitted), a small amount of VTG was detected in the plasma of wild and cultured common carp of Lake Kasumigaura, Japan, and their testicular development seemed to be histologically normal. Although the cause of VTG production in these carps has not been identified, it is possible that testicular steroids and food, as well as endocrine disruptors, induced VTG synthesis in male fish .
In the present study, in order to examine possibility of VTG production by endogenous steroids and food, we have determined the estrogenic activity of animal steroids , phytosteroids, and fish feed by in vitro yeast estrogen-screen assay (YES assay) .5)
MATERIALS AND METHODS
Investigated animal steroids , related substances, and phytosteroids are shown in Table 1 Ecdysones (ecdysone and 20-hydroxyecdysone) , steroids produced in insects and crustaceans , which are often preyed by fish, did not show estrogenic activity.
Phytosteroids (genistein, coumestrol, formo nonetin, and equal) showed estrogenic activity . Since some species of fish are omnivorous or herbivorous , it i s possible that fish ingest these phytosteroids in aquatic plants as food and that these phytosteroids stimulate VTG production in male fish.
All commercial fish feeds tested showed estrogenic activity. It is considered that estrogenic activity in the feed is attributed to phytosteroids in soybean since most of fish feed contain soybean as a source of protein and soybean is known to contain phytosteroids.6,7) In contrast, the soybean-free formulated feed did not show estrogenic activity.
It is highly probable that VTG detected in male culture carp was induced by fish feed. In fact, VTG production was induced in male goldfish when fish were fed commercial fish feed, whereas VTG levels were low when fish fed with the soybean-free formulated diet (Kobayashi, in preparation).
In summary, we surveyed estrogenic activity of steroids and fish feed, and observed that some androgens, phytosteroids, and fish feed had estrogenic activity. The results of the present study suggest that VTG production could be induced not only by endocrine disruptors but also by endogenous steroids and/or food containing phytosteroids. Furthermore, the soybean-free formulated fish diet would be useful for in vivo study of estrogenic endocrine disruptors.
